Abstract
Introduction
Now there is an increasing application for sensors, including vehicle dynamic control systems, roll over protection in airbag systems, inertial navigation systems and aerospace applications, etc. In order to meet this trend as well as the requirement of high performance, extremely compact size, low power operation, and low cost angular rate sensors, considerable interest in design and fabrication of micromechanical gyroscopes [1] [2] has been attracted. Normally, the micromechanical gyroscope can be driven by electrostatic [3] [4] , electromagnetic [5] [6] [7] or piezoelectric [8] [9] , which can measure the angular rate or the rotation angle by integrating the measured angular rate with respect to time. These gyroscopes have inspiriting parts and sensing parts, so their structures are complex. We investigate a novel MEMS-based gyroscope, which has no driven part, but utilize the rotating carrier itself circumrotation as driven force resource. Therefore, it is suitable for detecting angular rate of rotating carrier due to its characteristic.
The design, fabrication and basic performance of the sensing element have been reported in reference [10] . Moverover, the influence of the rotating carrier rotational velocity instability on the element has been studied. We also presented the method and eliminated the effect in actual application [11] . However, previous research records have failed to consider the gyroscope outputs at different acceleration. This paper is focused on the detecting performance of the gyroscope at the yaw rate changing as some rules, including constant acceleration and acceleration changed in accordance with some rules. Figure. 1 illustrates the structure of the silicon MEMS-based gyroscope. The main parts of the onedegree-of-freedom gyroscope include the rectangular silicon plate and the elasticity torsion girder. The plate has one degree of freedom about the y axis and the y axis is the output axis of the gyroscope. A rotating angle α of the silicon slice is detected by a differential capacitor, which has a first pair of polar plates electrical connected to the silicon slice, and a second pair of polar plates electrical connected to the packaging chamber. The silicon slice and the elastic twist beam are made of corroded silicon.
Principle Structure of the Silicon MEMS-based Gyroscope
The novel silicon MEMS-based gyroscope is provided at the rotating body to rotate along a longitudinal shaft vertically defined to the silicon surface in an angular velocityϕ , and rotate along a horizontal shaft of an aerobat in an angular velocity Ω.
According to motion equation of the gyroscope is set up in a coordinate system xyz and a preliminary result comes out once the torsional rigidity factor K T input, ignoring other rotating body's angular rate. The motion equation is:
Where
are the moments of inertia of the silicon pendulum about x, y, z axes, respectively, D is the aerodynamic damping factor, T K is the torsions elastic factor. The stationary state solution of expression (1) is:
The amplitude m a of the sensing element oscillations during the measuring is defined by the expression:
The output max voltage oscillations of the angle m a is
Where TS K is the angle pick-up transmission factor. From (4), it is clear that (i) the yaw angular rate Ω of carrier directly proportional to amplitude of silicon pendulum; (ii) the frequency of rotating carrier is the same to the frequency of silicon pendulum oscillating.
So, technically, the gyroscope can sense the rolling, yaw angular rates synchronously. 
Test and results
The equipment (shown in Figure 2 ) is designed specifically to apply this gyroscope test. The equipment used to measure the gyroscope consists basically of a single-axis servo table (in which the gyroscope to be tested is mounted), the servo rotating carrier, control systems and readout devices. We control the velocity of table rotating carrier by computer.
Test (i): Yaw angular rate increases at different acceleration. First, we set the rotating carrier velocity at 17Hz. When rotating carrier velocity is remain constant, we set the table velocity reach up to 300(º/s) from 0(º/s) at acceleration 1,2,3 (º/s 2 ), respectively. The output results Figure 2 . Frame chart of test system of the MEMS-based gyroscope were recorded by computer, as shown in Figure.3 (I) (a, b, c) . Figure. 3 (I) illustrates the comparison between the measured yaw angular rate and the actual rate.
Figure 3.
Comparison between the measured and actual yaw angular rate B: the actual rate C: the measured rate Test (ii): Yaw angular rate decreases at different acceleration. We set the rotating carrier velocity at 17Hz and rotating carrier velocity at 300(º/s),when rotating carrier velocity is invariableness ,and set the table velocity reach 0(º/s) from 300(º/s) at acceleration -1,-2,-3 (º/s 2 ), respectively. The output results were recorded by computer, as shown in Figure.3 (II) (a, b, c) . Figure. 3 (II) depicts the comparison between the measured yaw angular rate the actual rate.
Test (iii): Yaw angular rate changes at some rules. We set the rotating carrier velocity at 17Hz, and make the table movement oscillation. We control the table movement oscillation as follows: the frequency is 1Hz, 1Hz, and the maximal swing angle is 5º, 10 º, respectively. The oscillation equations are as follows: y = 5º sin(2πt) and y = 10º sin(2πt). The results are shown in Figure. 3 (III), (IV), respectively. From above tests, it is clearly that the measured yaw angular rate is according with the actual rate
Conclusions
The construction, operation principle, and tests results of a novel non-driven MEMS-based gyroscope are presented. The experiment shows that the measured yaw angular rate accords with the actual rate in cases of different angular acceleration and the effectiveness of the gyroscope is validated. 
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